rr*&^- - 145 °- * — * r 

^ date shown below. , Jj^^^^^ 
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ttvtttttti STATES PATENT AND TRADEMARK OFFICE 
IN THE UNITED STATUS rAiw 



In re Patent Application of: 
Fen-Ren Chien et al. 

Application No.: 09/434318 

Filed: November 4, 1999 

For: FLIP-CHIP LIGHT-EMITTING DEVICE 



Allowed: December 5, 2003 
Confirmation No.: 3814 

Art Unit: 2814 
Examiner: T. T. Doan 



MS: Petitions 
Commissioner for Patents 

P O. Box 1450 

Alexandria, VA 22313-1450 

DearSir . A n rFR 1 47(b) to the Commissioner 

t u ciVimit a renewed petition under 37 CFR 
Applicants hereby submit a renews 

a 17 rFR 1 47(b), mailed April 21, 
~ • • ~ u^fiKjinc Status under 37 U*k i.h/w> 
• j r»f the Decision Kerusing ou»v«a 
for reconsideration ot tne ua. 

• ^ l i <; Patent Application by other than an oi u 

* filinc of the above-identified U.S. raero *vv 

The facts therein establish that diligent efforts have been made by Mr. She 

The facts ther g ^ ^ ^ ^ als0 

toconucalloftajointinventors , F en-Ren Chten, . Tffing „ B .,, 



CFR 1.47flWte«pectfidly requested. 
WM* MM «•"» m ^ 



01 FC:1A60 
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Application No.: 09/434318 
Customer No. 23932 

have refused to si. the declare - having - presented * a co Py of - ap^on 

pape , ^n^^^*---"-* 

was resented to each of the nonsigning inventors, then petitioner will 
of the application papers was presented to eac 

* t rt the last known address of the inventors, 
have to mail a copy of the complete appl.cat.on to the last kno 

f ^fractions setting a deadline or statement that no response 
accompanied by a cover letter of instructs setting 

will constitute a refusal. 

, Filin „ Docum ents on June 30, 2004, to the last known 
copy of the application papers and Filing Docum 

, u • t™ fa first copy was sent to the inventors on March 7, 2000). A 
address of each of the inventors (a first copy w 

the anolication papers containing instructions to sign and 
cover letter was mailed accompanying the application p p 

, M - n f T„lv 1 5 2004, and that lack of response by that 
ret um the Filing Documents by the deadline of My 15, 2004, 

a ltosim A copy of the letters, certificates, application papers, and 
date would indicate a refusal to sign. A copy 

Filing U a— . Exhibits A-B. »o ^ - - — • - — - 

. . . - -ooo Mr Hon previously signed and returned 
' with Mr. Wesley Shen of Uni Light on March 3, 2000. Mr. H 

t f the corresponding Taiwanese patent application under Article 7 of the 
the Filing Documents for the corresponding 

, / ~> A^Pndix E of the petition of June 3, 2000). 
R O.C. patent laws (see Appendix n oi uic y 

sign « fc _ D— — — " * * " * 

Fm . R en Chien a, 3 : 0 5p n on March 3, ,000. * - Shen -p- - - 
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Application No.: 09/434318 
Customer No. 23932 

„ sig0 *. a—. Ue o^na, «. .0 Hon was i^nec, in sfcnng «- M, Wesfcy Snen 

called him on March 3, 2000 at 3:00 pm. 

In rega rds to the recrement of "diligent effort" in locating M, Hon (see, Decision 

* a- «l a nost certified letter including a copy of the application and 
As previously discussed, a post ceraneu 

n a m Mr Hon's last known address. In addition, the Declaration of Fact 
instructions was mailed to Mr. Hon s lasi hiu 

■ a- . tw Mr Shen checked with Uni Light employees who worked 
for Mr. Wesley Shen indicates that Mr. 5>hen cneu*. 

., „ . , • Uf Wnne of the co-workers had 
with Mr. Schang-Jing Hon during employment with Uni Light. None 

knowledge of the current contact information for Mr. Hon. 

In ^w of me foregoing discussion, Applicants respectfully recniest granting of the 

renewed petition under 37 CFR 1 .47(b). 
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Docket No.: 45688-00002USPT 

Application No.: 09/434318 
Customer No. 23932 

E»c,c*ed is a chec* tha, includes the fee se, forth in 37 CFR 1 .17(h). Please debit 
my underpayment or credit any overpayment to Deposit Account No. 10-0447. 

Dated: Juh,21,2004 Respectmlly submitted, 




Stanley R. Moore 

Registration No.: 26,958 ^„„ T „, A T 
JENKENS & GILCHRIST, A PROFESSIONAL 

CORPORATION 
1445 Ross Avenue, Suite 3200 
Dallas, Texas 75202 
(214)855-4500 
Attorneys For Applicant 
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I hereby certify that this correspondence is being deposited with the U.S. Postal 
Service as Express Mail, Airbill No. EV361364719US, in an envelope addressed 
jmmissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450, on 
shown below. 

-14 '0*7 Stanature: / J JK^TZ^J 
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(PATENT) 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Patent Application of: 
Fen-Ren Chien et al. 



Allowed: December 5, 2003 



Application No.: 09/434318 



Confirmation No.: 3814 



Filed: November 4, 1999 



Art Unit: 2814 



For: FLIP-CHIP LIGHT-EMITTING DEVICE 



Examiner: T. T. Doan 



PENDING APPLICATION STATUS DISCUSSION AND INQUIRY 

MS: Petitions 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Examiner and Petitions Board: 

To help ensure proper issuance of the pending application, a brief explanation of 
recent occurrences of this application is herein provided. 

During a Petition filed June 3, 2000 being pending, prosecution on the merits ensued. 
Upon the application being deemed allowable, a Notice of Allowance was issued December 5, 
2003. On March 2, 2004, the issue fee was paid by Applicant. However, after payment of the 
issue fee a Decision Refusing Status under 37 CFR 1.47(b) was mailed from the Office of 
Petitions on April 21, 2004 in which the Petition was dismissed. 

Although the issue fee has been paid, the issue of the Petition has not yet been 
resolved. Therefore, a renewed Petition is attached hereto to resolve the issue of the Petition. 
Please provide us with guidance regarding the handling of the issue fee and Notice of 
Allowance, as this appears to be an unusual situation. 
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Application No.: 09/434318 
Customer No. 23932 



Docket No.: 45688-00002USPT 



Thank you for your consideration. Please direct answers to me at the below listed 
address and telephone number. 



Dated: July 21, 2004 



Respectfully submitted, 




Stanley R. Moore 

Registration No.: 26,958 
JENKENS & GILCHRIST, A PROFESSIONAL 

CORPORATION 
1445 Ross Avenue, Suite 3200 
Dallas, Texas 75202 
(214) 855-4500 
Attorneys For Applicant 
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I hereby certify that this correspondence is being deposited with the U.S. Postal 
Service as Express Mail, Airbill No. EV361 36471 9US, in an envelope addressed 
to: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450, on 



the date shown below. 
Dated: 




snown Deiow. 



Signature: 
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(PATENT) 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Patent Application of: 
Fen-Ren Chien et al. 



Application No.: 09/434318 



Confirmation No.: 3814 



Filed: November 4, 1999 



Art Unit: 2814 



For: FLIP-CHIP LIGHT-EMITTING DEVICE 



Examiner: T. T. Doan 



AFFIDAVIT AND DECLARATION OF FACTS 

OF WESLEY SHEN 

MS: Petitions 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

Mr. Wesley Shen, a senior staff member of Uni Light, having personal knowledge of the 
facts set forth herein, hereby states and declares that: 



1. I am a senior staff member of Uni Light, having a place of business at No. 165, 
Shan Ying Road, Kwei Shan, Taoyuan Hsien, Taiwan, R.O.C. 

2. A diligent effort was made to locate and contact inventors (i) Mr. Fen-Ren Chien, 
and (ii) Mr. Schang-Jing Hon to request execution of a Combined Declaration and Power of 
Attorney and Assignment ("Filing Documents") for the patent application identified above. 
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3. On 3 March 2000, I called Mr. Fen-Ren Chien at 3:05 p.m and requested that he 
sign the Oath and Assignment of the invention which was made during his period of 
employment at Uni Light. Mr. Chien verbally refused to sign the Filing Documents. 

4. I have contacted Uni Light employees Mr. Bor Jen Wu (Identification No. 
A121742228), Mr. Ethan Lin (Identification No. A122888287) and Ms. Jessy Tsai 
(Identification No. H222379139), who worked with Mr. Schang-Jing Hon during employment of 
Mr. Hon by Uni Light. None of them had knowledge of current contact information of Mr. Hon. 

5a. A Post Certified Letter requesting that Fen-Ren Chien sign the filing papers was 
mailed to the last known address of Fen-Ren Chien on 30 June 2004. The patent application as 
filed was also included with the Post Certified Letter. A copy of that letter and certification is 
attached as Exhibit A. No response to this letter has been received. 

5b. A Post Certified Letter requesting that Schang-Jing Hon sign the Filing 
Documents was mailed to the last known address of Schang-Jing Hon on 30 June 2004. The 
patent application as filed was also included with the Post Certified Letter. A copy of that letter 
and certification is attached as Exhibit B. No response to this letter has been received. 

6a. Mr. Fen-Ren Chien's last known address is 4F, No. 36, Yu-Si Street, Yungho 
City, Taipei Hsien, Taiwan, R.O.C. 

6b. Mr. Schang-Jing Hon's last known address is 2F 5 No. 8, Lane 29, Chu-Hsing 
Street, Pate City, Taoyuan Hsien, Taiwan, R.O.C. 

7. Uni Light has rights in the subject matter of the above-referenced application. 

With regard to Schang-Jing Hon, he executed an Oath and Assignment for the 
corresponding Taiwanese application. A copy of this Oath and Assignment was attached as 
Appendix E of the petition filed June 3, 2000. Moreover, Article 7 of the R.O.C. Patent Law 
states that "where an invention, or a new utility model or a new design is made by an employee 
in the performance of his job duties, the right to apply for patent or the patent right thereof shall 
be vested in his employer." Mr. Hon's employment with Uni Light, and specifically his work on 
Uni Light's invention during this time, appears to fall under the conditions of Article 7 with 
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regard to Uni Light's rights to the invention disclosed in the above-referenced application. A 
copy of Article 7 of the R.O.C. Patent Law was attached as Exhibit F of the petition filed June 3, 
2000. 

With regard to Fen-Ren Chien, Uni Light also has rights in the subject matter 

under Article 7 of the R.O.C. Patent Law. 

A copy of related documents evidencing Uni Light's ownership of the invention, 
that were previously filed in the Taiwanese Intellectual Property Office, were attached as Exhibit 
G of the petition filed June 3, 2000. 

8. Uni Light also submits that it will suffer irreparable damage should this petition 
not be granted and the company's interests are at stake in that a filing date is necessary to make a 
claim for priority based on the Taiwanese application previously filed. 

9. I declare further that all statements made herein of my own knowledge are true, 
and that all statements made on information and belief are believed to be true, and further that 
these statements are made with the knowledge that false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
code, and that such false statements may jeopardize the validity of the application or any patent 
issuing thereon. 
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This affidavit and declaration is executed on this 1 & day of 



2004. 




,EY SHEN 
Senior Staff Member 
Uni Light Te 



:hnology Incorporation 
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I hereby certify that this correspondence is being deposited with the U.S. Postal 
Service as Express Mail, Airbill No. EV361 36471 9US, in an envelope addressed 
to: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450, on 
the date shown below. 

±1" £1 ^Q^f Signature: 
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(PATENT) 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Patent Application of: 
Fen-Ren Chien et al. 



Application No.: 09/434318 Confirmation No.: 3814 

Filed: November 4, 1999 Art Unit: 2814 

For: FLIP-CHIP LIGHT-EMITTING DEVICE Examiner: T. T. Doan 



AFFIDAVIT AND DECLARATION OF FACTS 

LIU HUN-HUANG 



MS: Petitions 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 



Mr. Liu Hun-Huang, the responsible person and an employee of Uni Light, having 
personal knowledge of the facts set forth herein, hereby states and declares that: 

1. I am the responsible person and an employee of Uni Light, having a place of 
business at No. 165, Shan Ying Road, Kwei Shan, Taoyuan Hsien, Taiwan, R.O.C. 

2. A diligent effort was made to locate and contact inventors (i) Mr. Fen-Ren Chien, 
and (ii) Schang-Jing Hon to request execution of a Combined Declaration and Power of 
Attorney and Assignment ("Filing Documents") for the patent application identified above. 
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3 a. A Post Certified Letter requesting that Fen-Ren Chien sign the filing papers was 
mailed to the last known address of Fen-Ren Chien on 30 June 2004. The patent application as 
filed was also included with the Post Certified Letter. A copy of that letter and certification is 
attached as Exhibit A. I have received no response to this letter. 

3b. A Post Certified Letter requesting that Schang-Jing Hon sign the Filing 
Documents was mailed to the last known address of Schang-Jing Hon on 30 June 2004. The 
patent application as filed was also included with the Post Certified Letter. A copy of that letter 
and certification is attached as Exhibit B. I have received no response to this letter. 



4a. Mr. Fen-Ren Chien's last known address is 4F, No. 36, Yu-Si Street, Yungho 
City, Taipei Hsien, Taiwan, R.O.C. 

4b. Mr. Schang-Jing Hon's last known address is 2F, No. 8, Lane 29, Chu-Hsing 
Street, Pate City, Taoyuan Hsien, Taiwan, R.O.C. 



5. I declare further that all statements made herein of my own knowledge are true, 
and that all statements made on information and belief are believed to be true, and further that 
these statements are made with the knowledge that false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
code, and that such false statements may jeopardize the validity of the application or any patent 
issuing thereon. 
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Application No.: 09/434318 Docket No.: 45688-00002USPT 
This affidavit and declaration is executed on this ^ day of ^"Jt/f , 2004. 







LIU HUN-HUANG 
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(Translation) 
A Post Certified Letter 



Taipei Formosa Post Office 



Sender: Mr. Liu Hun-Huang of Uni Light 
Technology Incorporation 



Certified No. 1680 



Address: 



No. 165, Shan Ying Road, Kwei Shan, 
Taoyuan Hsien, Taiwan, R.O.C. 



Receiver: 



Mr. Fen-Ren Chien 



Address: 



4F, No. 36, Yu-Si Street, Yungho City, 
Taipei Hsien, Taiwan, R.O.C. 



Courtesy Copy: 



Address: 



Subject: In order to apply for a US patent application for the invention entitled 
"Lip-Chip Light-Emitting Device," we are writing again to request you to 
execute filing documents required for such application, which you have 
turned down once. 

Explanation: 

The invention entitled " Lip-Chip Light-Emitting Device" (the "Invention") was jointly 
made by you and Mr. Schang- Jiang Hon during the performance of your job duties at 
our company. Pursuant to Paragraph 1, Article 7 of the Patent Law, the right to apply 
for a patent on the Invention or the patent right thereof subsequently obtained shall be 
vested in our company. Hence, in order to apply for patents on the Invention in 
Taiwan, the United States, Canada, Japan and other regions, Mr. Wesley Shen, the 
chief of our Administration Department, called you at 3:05 pm on March 3, 2000, 
requesting you to sign the documents required for filing the above-mentioned patent 
applications. However, you declined to do as requested. Our company then sent 
you the March 7, 2000 Post Certified Letter No. 263 enclosed with those documents 
via Taoyuan Post Office, 23 rd Branch and requested you to sign and mail them back by 
March 22, 2000. However, our company has yet to receive any of such documents or 
any reply from you to the Post Certified Letter. Your address "4F, No. 36, Yu-Sih 
Street, Yonghe City, Taipei County," which was your last known address to our 
company, was shown in your personnel data kept by our company. In order to 
consummate the filing procedure of the US patent for the Invention (USSNN 



09/434,318), our company hereby sends you this letter enclosed with the following 
documents, hoping that you sign the following documents together with the Combined 
Declaration and Power of Attorney and the Assignment attached thereto and return the 
same to our company as soon as possible: 

1 . a copy of USSN 09/434,3 1 8 (Attachment 1 ); 

2. a copy of Combined Declaration and Power of Attorney form (Attachment 2); 
and 

3. a copy of Assignment form (Attachment 3). 

Our company hopes that you sign the Declaration Form and the Assignment Form and 
mail the same back to our company by July 15, 2004. If those documents are not 
received by our company by the said time limit, our company will establish that you 
remain refusing to sign those documents and will report such situations to the 
Trademark and Patent Office of the United States so as to consummate the filing 
procedure of the US patent application for the Invention. 
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ATTORNEY DOCKET NO.: 

COMBINED DECLARATION AND POWER OF ATTORNEY 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below 
next to my name ; and 

I verily believe that I am the original, first and sole inventor (if 
only one name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is ^\V m £f G fji£_ f or 

which a patent is sought on the invention entitled: * Lj±t ^ — r£L= 

TTMTTTTNG DEVICE _ — 



the specification of which: 

is attached hereto. 

X was filed on 4 November 1999 a s Application Serial No. . 

09 /434 f 31 &nd was amended on (if applicable) 

(Attorney Docket No. •) 

I hereby state that I have reviewed and understand the contents of the 
above identified specification, including the claims, as amended by any 
amendment referred to above. 

I acknowledge the duty to disclose to the Office all information known 
to me to be material to the patentability of this application as defined in 37 
CFR § 1.56. 

I hereby claim foreign priority benefits under 35 U.S.C. § 119 of any 
foreign application ( s ) for patent or inventor's certificate listed below and 
have also* identified below any foreign application for patent or inventor's 
certificate having a filing date before that of any application on which 
priority is claimed: 

Country Number Date Filed Priority 

Claimed 



I hereby claim the benefit under 35 U.S.C. § 120 of any United States 
application ( s ) listed below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior United States 
application in the manner provided by the first paragraph of 35 U.S.C. § 112, 
I acknowledge the duty to disclose to the Office all information known to me 
to be material to patentability of the application as defined in 37 CFR § 1.56 
which occurred between the filing date of the prior application and the 
national or PCT international filing date of this application: 



Application Serial No. Filing Date Status (patented, 

pending) 




I hereby appoint >^gfoi>dCing attorneys and/or agents to prosecute this 
aoolication and to t r a n s aot~aii business in the Patent and Trademark Office 
connected therewith: THOMAS L. CRISMAN, Reg. No. 24,846; THOMAS L. CANTRELL, 
Reg. No. 20,849; STANLEY R . MOORE, Reg. No. 26,958; H. MATHEWS GARLAND, Reg. 
No. 19,129; GERALD T. WELCH, Reg. No. 30,332; ROGER L. MAXWELL , Reg. No. 
31^855; P. WESTON MUSSELMAN, JR., Reg. No. 31,644; J. KEVIN GRAY, Reg. No. 
37 ',141; JEFFERY E. BACON, Reg. No. 35,055; STEVEN R. GREENFIELD, Reg. No. 
38',166; ANDRE M. SZUWALSKI , Reg. No. 35,701; STUART D- DWORK , Reg. No. 31,103; 
CRAIG A. HOSRSTEN, Reg. No. 38,917; RICHARD J. MOURA, Reg. No. 34,883; RICHARD 
L*. MYSLIWIEC, Reg. No. 40,098; and RAYMOND VAN DYKE, Reg. No. 34,746, of the 
firm of JENKENS & GILCHRIST, 3200 Fountain Place, 1445 Ross Avenue, Dallas, 
Texas 75202-2799; and 



Address all telephone calls and correspondence to: 



Stanley R. Moore, Esq. 
Jenkens & Gilchrist, P.C. 
3200 Fountain Place 
1445 Ross Avenue 
Dallas, Texas 75202-2799 
214/855-4500 

I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information and belief are believed to be 
true; and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of 
the application or any patent issued thereon. 
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FEN- REN CHIEN 
Full Name 



y 



Inventor • s S ignature 




Date 



NO. 165, SHAN YING RD . , 

HSIEN , TAIWAN , 
Residence 



SHAN DING VILL., KWEI SHAN, TAOYUAN 

R.O.C. TAIWAN R.O.C. 

Citizenship 



SAME AS ABOVE 




SCRANG-JING HON 



Full Name 




Inventor ■ s Signature 




Date 



NO. 165, SHAN YING RD . , SHAN DING VILL., KWEI 

SHAN, TAOYUAN HSIEN , TAIWAN, R.O.C. TAIWAN,. R.O.C 

Residence 



Citizenship 



Post Office Address 



SAME AS ABOVE 



Full Name 



Inventor 1 s S ignature 



Date 



Residence 



Citizenship 



Post Office Address 



Full Name 



Inventor 1 s S ignature 



Date 



Residence • Citizenship 



Post Office Address 
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Light-emitting Device 



Field of the Invention 

The present invention relates to a gallium nitride (GaN)-based light-emitting 
device and, particularly, to a GaN-based light-emitting device having an electrode 
with good reflectivity of light. 



Back ground of the Invention 

GaN-based light-emitting devices are getting more attention for the reason that 
they can emit special frequencies of light, such as blue light and green light. The 
material of substrate used for GaN-based light emitting devices is limited by the 
property of GaN and is mainly chosen from the following material: sapphire, 
silicon carbide (SiC), gallium nitride (GaN), gallium phosphide (GaP) and glass. 
Among the above material, sapphire substrate is widely used. Since sapphire 
substrate is an insulator, the two electrodes of the light-emitting device must be 
placed on the same side of the GaN layers. It is the characteristic of so-called 
lateral devices. USP 5,563,422, USP 5,578,839 and USP 5,583,879 have 
disclosed a series of methods for manufacturing GaN-based III-V Group 
compound semiconductor lateral light-emitting devices using sapphire substrate. 
The light-enritting device manufactured therefrom is shown in Fig. 1, wherein an 
light-emitting diode (LED) die 10 is fixed to a lead frame 12 first, and the two 
electrodes 13 and 14 on the upper surface of the die 10 must be soldered with 
gold (or aluminium) wires 15 and 16 respectively so as to be connected to the 
two electrodes of the lead frame. However, the soldering pad 17 on the upper 
surface of the die 10 will block the light, and thus the light-emitting area is 
reduced and the light emitted is not uniform. In addition, in the prior light- 
emitting device, a light-transmitting electrode 13 is disclosed for providing the 
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effect of current spreadih|^ojnfeance the light-emitting efficiency of the device. 
However, since the electrode 13 must be very thin to become light-transmitting, 
its lateral resistance will be great and thus its effect of current spreading will be 
very limited. Besides, since the electrode 13 is placed over the main light- 
emitting surface, even the electrode 1 3 is light-transmissive, it still will reduce the 
light-emitting efficiency of the device. 

USP 4,476,620 discloses a flip-chip GaN-based light-emitting device as shown 
in Fig. 2, wherein the two electrodes 21 and 22 of an LED die are directly stuck 
on certain places of a lead frame 23. In such a flip-chip GaN-based light-emitting 
device, the emitted light can directly pass through the transparent substrate (such 
as a sapphire substrate) to the outside. There is no soldering pad in the main 
light-emitting surface of the flip-chip light-emitting device, and thus the light- 
emitting surface as well as the light-emitting efficiency will not be affected by the 
soldering pad. However, only about half the light emitted from the prior flip-chip 
GaN-based hght-emitting device can directly pass through the transparent 
substrate to the outside. The other half of the light is directed to the electrodes 
(21 and 22) and the lead frame 23. Therefore, the prior device cannot achieve an 
effective result. Furthermore, the prior flip-chip GaN-based light-emitting device 
disclosed in USP 4,476,620 does not provide the current spreading effect, and 
thus merely the place where the electrode is located can have an effective hght- 
emitting result while the other place cannot achieve a good hght-emitting result. 

In view of the above, how to substantially improve the light-emitting efficiency 
of a GaN-based light-emitting device is still a problem for the industry. 

Summary of the Invention 

The main object of the present invention is to substantially improve the light- 
emitting efficiency of a GaN-based light-emitting device. The light-emitting 
device according to the present invention is a flip-chip light-emitting device. 
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Therefore, there is no solcSrl3Ig^pad in its main light-emitting surface. 
Additionally, the light-emitting device according to the present invention has an 
electrode that has good reflectivity of light and can provide effective current 
spreading effect. Therefore, the light directed to the electrode can be reflected by 
the electrode to the outside through the transparent substrate, and thus 
substantially increase the light-emitting efficiency of the whole device. Further, 
the electrode can have sufficient size and thickness to provide effective current 
spreading effect, such that the light-emitting diode can achieve its best light- 
emitting result. 

A flip-chip hght-emitting device according to a first embodiment of the present 
invention comprises a transparent substrate, a semiconductor stacked structure 
arranged over a main surface of the transparent substrate wherein the stacked 
structure comprises an n-type GaN-based III-V Group compound semiconductor 
layer adjacent to said main surface and a p-type GaN-based III-V Group 
compound semiconductor layer adjacent to the n-type semiconductor layer, a first 
electrode being in electrical contact with the n-type semiconductor layer, and a 
second electrode being in electrical contact with the p-type semiconductor layer, 
wherein the second electrode has good reflectivity of light and covers most of the 
outer surface of the p-type semiconductor layer. In an alternative embodiment of 
the present invention, the positions of the n-type and p-type semiconductor layers 
are switched, and the electrode being in contact with the n-type semiconductor 
layer has good reflectivity of light and covers most outer surface of the n-type 
semiconductor layer. 



Brief Description of the Drawings 

The technical content and features of the present invention will be more readily 
apparent from the following detailed description of the preferred embodiments 
with reference to the accompanying drawings in which: 
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Fig. 1 is a cross-sectiona>s«^?*fnustrating a prior GaN-based light-emitting 
device; 

Fig. 2 is a cross-sectional view illustrating a prior flip-chip GaN-based light- 
emitting device; 

Fig. 3 is a schematic cross-sectional view illustrating a light-emitting diode 
according to an embodiment of the present invention; 

Fig. 4 is a schematic cross-sectional view of the light-emitting diode of Fig. 3 
mounted on a base in the form of flip-chip. 

Detailed Description of the Pref erred Embodiments 

The main object of the present invention is to substantially improve the light- 
emitting efficiency of a GaN-based light-emitting device. The light-emitting 
device according to the present invention has an electrode that has good 
reflectivity of light and can provide effective current spreading effect. Therefore, 
the light directed to the electrode can be reflected by the electrode to the outside, 
and thus substantially increase the light-emitting efficiency of the whole device. 
Further, the electrode can have sufficient size and thickness to provide effective 
current spreading effect, so that the light-emitting diode can achieve its best light- 
emitting result. 

Fig. 3 illustrates a light-emitting diode according to an embodiment of the 
present invention. The diode structure 30 comprises a transparent substrate 31 
which can be made of sapphire, glass, silicon carbide (SiC), gallium nitride 
(GaN), gallium phosphide (GaP) or other transparent materials. A semiconductor 
stacked structure is arranged over a main surface of the transparent substrate 3 1 . 
The stacked structure comprises an n-type GaN-based III-V Group compound 
semiconductor layer adjacent to said main surface and a p-type GaN-based III-V 
Group compound semiconductor layer adjacent to the n-type semiconductor layer. 
In this embodiment, the stacked structure also comprises an active layer 34 
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placed between the n-type §Wbased III-V Group compound semiconductor 
layer and the p-type GaN-based III-V Group compound semiconductor layer, 
while in other embodiments of the present invention, it is possible that the stacked 
structure does not include the active layer 34. The method for manufacturing the 
stacked structure is well known in the art, and thus it is unnecessary to detail it 
here. An electrode 35 is located in a window, that is formed by an etching 
process, and in electrical contact with the n-type semiconductor layer 32. An 
electrode 36 is arranged over most of the outer surface of the p-type 
semiconductor layer 33. Since there are no special limitations on the size and 
thickness of the electrode 36, the shape and size of the electrode 36 can be 
designed to achieve the best current spreading result, and thus substantially 
increase the light-emitting efficiency. In addition, the material of the electrode 36 
is chosen to be of high reflectivity of light. Therefore, the light directed to the 
electrode 36 can be reflected by the electrode 36 to the direction of the 
transparent substrate, and thus further increase the hght-emitting efficiency. 

In the present invention, the electrode 36 can be of a multi-layer structure 
comprising a light-transmitting conductive layer and a layer of aluminium (Al) or 
silver (Ag). In an embodiment of the present invention, the electrode 36 can be 
of a nickel/golcytitaniunValuminium (Ni/Au/Ti/Al) multi-layer structure, wherein 
nickel/gold (Ni/Au) is formed to be a light-transmitting metal layer directly 
covering the p-type semiconductor layer 33, and than a titanium (Ti) layer is 
formed on the Ni/Au layer, and finally an aluminium (Al) layer is formed on the 
Ti layer. The electrode 36 is required to be of both low ohmic contact resistance 
and high reflectivity of light. Ni/Au is one of the materials that can be formed as 
a good light-transmitting ohmic contact layer for a p-type GaN-based III-V Group 
compound semiconductor layer. Al layer can be of good reflectivity of light. 
However, in a high temperature, Al and Au will diffuse into each other and 
destroy the reflectivity of Al. Therefore a Ti layer is used to be a diffusion barrier 
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between Al and Au. Ti i^erWfe also of good reflectivity of light. In other 
embodiments of the present invention, the electrode 36 can be of a multi-layer 
structure of ITO/A1 or ITO/Ag, wherein ITO (Indium-Tin Oxide) is formed as a 
light-transmitting conductive layer and the reflectivity is provided by the Al layer 
or Ag layer. 

In the embodiment shown in Fig. 3, an insulating layer 37 can be coated on the 
side surface and upper surface of the diode 30 while merely exposing a portion of 
each electrode that is used to contact the electrode of a base. The material of the 
insulating layer can be SiO x , SiN y , etc.. The insulating layer 37 is to protect and 
isolate the p/n junction, to avoid short circuit caused by conductive glue and to 
avoid leakage. 

Fig. 4 is a schematic view showing the hght-emitting diode of Fig. 3 mounted 
on a base in the form of flip-chip. The base 40 can be a known conductive lead 
frame, a glass lead frame, a circuit board or a thin-film circuit. Using a 
conductive lead frame or a glass lead frame as the base, the final device will be a 
discrete light-eimtting device, while using a circuit board or a thin-film circuit as 
the base, the light-emitting device will be in the form of surface mounted device 
(SMD). The base 40 has conductive portions 41 and 42 that function as a 
positive electrode and a negative electrode, respectively. Conductive glue 43 is 
applied by a machine on the positive and negative electrodes of the base 40. 
Then, the light-emitting diode 30 is turned over to let the transparent substrate be 
the top layer and the electrodes 35 and 36 face down. After detenriining the 
correct polarities of the electrodes 35 and 36, the electrodes 35 and 36 are 
connected to the conductive glue 43 so as to be fixed on the base and be coupled 
to the electrodes of the base. Finally, the conductive glue is baked in a suitable 
temperature during a predetermined time to complete the manufacture of the light- 
emitting device. 

In this embodiment, about half of the light emitted from the p-n junction or the 
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active layer of the light-e>sit£ijig^ievice will directly pass through the transparent 



substrate to the outside, while the other half of the light will direct to the 
electrode 36. Since the electrode 36 has high efficiency of reflectivity, it can 
reflect the light through the transparent substrate to the outside, and thus increase 
the light-emitting efficiency. Further, the electrode 36 provides the current 
spreading effect to additionally increase the Hght-emitting efficiency of the light- 
emitting diode. 

In other embodiments of the present invention, the places of the n-type 
semiconductor layer and the p-type semiconductor layer can be exchanged. In 
such embodiments, the electrode over the n-type semiconductor layer will be of 
high reflectivity of light and provides current spreading effect. Said electrode can 
be of a multi-layer structure comprising a light-transmitting conductive layer and 
a layer of aluminium (Al) or silver (Ag). In embodiments of the present invention, 
said electrode can be of a multi-layer structure of Ti/Al, Ti/Ag, ITO/A1 or ITO/Ag. 

The technical features and technical contents of the present invention have 
been fully disclosed as above. However, various modifications or replacements 
can be made by people skilled in the art based on the disclosure and teaching of 
the present invention without departing the spirit of the present invention. 
Therefore, the scope of the present invention shall not be limited to the above 
disclosed embodiments and should include said modifications and replacements. 
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What is claimed is: 

1 . A flip-chip light-emitting device, comprising 
a transparent substrate; 

a semiconductor stacked structure arranged over a main surface of said 
transparent substrate wherein said stacked structure comprises an n-type 
GaN-based III-V Group compound semiconductor layer adjacent to said main 
surface and a p-type GaN-based III-V Group compound semiconductor layer 
adjacent to said n-type semiconductor layer; 

a first electrode being in electrical contact with said n-type semiconductor 
layer; and 

a second electrode being in electrical contact with said p-type semiconductor 
layer; 

wherein said second electrode has good reflectivity of light and covers most 
of the outer surface of said p-type semiconductor layer. 

2. The device of Claim 1 wherein said stacked structure further comprises an 
active layer placed between said n-type semiconductor layer and said p-type 
semiconductor layer. 

3 . The device of Claims 1 or 2 further comprising an insulating layer at least 
coated on the side surface of the stacked structure, a portion of said first 
electrode and a portion of said second electrode. 

4. The device of Claims 1 or 2 further comprising a base which has a first and a 
second conductive portions respectively connected to said first and second 
electrodes. 

5. The device of Claim 4 wherein said base can be a conductive lead frame, a 
glass lead frame, a circuit board or a tiiin-film circuit. 

6. The device of Claims 1 or 2 wherein said second electrode is a multi-layer 
structure comprising a light-transmitting conductive layer and a layer of 
aluminium (Al) or silver (Ag). 
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7. The device of Claims^ef^l wherein said second electrode is a multi-layer 
structure of ruckel/gold^titaruum/aluminium (Ni/Au/Ti/Al), Indium-Tin 
Oxide/aluminium (ITO/A1) or Indium-Tin Oxide/silver (ITO/Ag). 

8. A flip-chip light-emitting device, comprising 
a transparent substrate; 

a semiconductor stacked structure arranged over a main surface of said 
transparent substrate wherein said stacked structure comprises an p-type 
GaN-based III-V Group compound semiconductor layer adjacent to said main 
surface and a n-type GaN-based III-V Group compound semiconductor layer 
adjacent to said p-type semiconductor layer; 

a first electrode being in electrical contact with said n-type semiconductor 
layer; and 

a second electrode being in electrical contact with said p-type semiconductor 
layer; 

wherein said first electrode has good reflectivity of light and covers most of 
the outer surface of said n-type semiconductor layer. 

9. The device of Claim 8 wherein said stacked structure further comprises an 
active layer placed between said n-type semiconductor layer said the p-type 
semiconductor layer. 

10. The device of Claims 8 or 9 further comprising an insulating layer at least 
coated on the side surface of the stacked structure, a portion of said first 
electrode and a portion of said second electrode. 

1 1 . The device of Claims 8 or 9 further comprising a base which has a first and a 
second conductive portions respectively connected to said first and second 
electrodes. 

12. The device of Claim 1 1 wherein said base can be a conductive lead frame, a 
glass lead frame, a circuit board or a thin-film circuit. 

1 3 . The device of Claims 8 or 9 wherein said second electrode is a multi-layer 
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structure comprisin^^ftght-transmitting conductive layer and a layer of 
aluminium (Al) or silver (Ag). 
14. The device of Claims 8 or 9 wherein said second electrode is a multi-layer 
structure of titamum/aluminium (Ti/Al), titanium/silver (Ti/Ag), Indium-Tin 
Oxide/aluminium (ITO/A1) or Indium-Tin Oxide/silver (ITO/Ag). 
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Abstract 

The present invention discloses a flip-chip light-emitting device that has improved 
light-emitting efficiency. The device according to the present invention has an 
electrode with good reflectivity of light, such that the light directed to the base 
can be reflected by the electrode to the outside, and thus substantially increase 
the light-emitting efficiency. In addition, said electrode of the present invention 
also provide better current spreading effect, and thus further increase the light- 
emitting efficiency of the light-emitting diode. 
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FIG. 1 
(Prior Art) 




FIG. 2 
(Prior Art) 





FIG. 3 




FIG. 4 





FIG. 5 




FIG. 5 




(Translation) 
A Post Certified Letter 



Taipei Formosa Post Office 



Sender: Mr. Liu Hun-Huang of Uni Light 
Technology Incorporation 



Certified No. 16&0 



Address: No. 165, Shan Ying Road, Kwei Shan, 

Taoyuan Hsien, Taiwan, R.O.C. 



Receiver: 



Mr. Schang- Jiang Hon 



Address: 



2F, No. 8, Lane 29, Chu-Hsing Street, 
Pate City, Taoyuan, Hsien, Taiwan, 
R.O.C. 



Courtesy Copy: 
Address: 



Subject: In order to file a US patent application for the invention entitled "Lip-chip 
Light-emitting Device," we are writing again to request you to execute filing 
documents required for such application, which you have turned down once. 

Explanation: 

The invention entitled " Lip-chip Light-emitting Device " (the "Invention") was jointly 
made by you and Mr. Fen-Ren Chien during the performance of your job duties at our 
company. Pursuant to Paragraph 1 , Article 7 of the Patent Law, the right to apply for 
a patent on the Invention or the patent right thereof subsequently obtained shall be 
vested in our company. Hence, in order to apply for patents on the Invention in 
Taiwan, the United States, Canada, Japan and other regions, Mr. Wesley Shen, the 
chief of our Administration Department, called Mr. Fen-Ren Chien at 3:05 pm on 
March 3, 2000, requesting Mr. Chien to sign the documents required for filing the 
above-mentioned patent applications. However, Mr. Chien declined to do so as 
requested. Our company then sent you the March 7, 2000 Post Certified Letter No. 
262 enclosed with those documents via Taoyuan Post Office, 23 rd Branch and 
requested you to sign and mail them back by March 22, 2000. We only received 
from you the documents required for filing patent application in the ROC (Taiwan), 
but not include the documents required for filing patent application in the USA for the 
subject the Invention. Your address "2F, No. 8, Lane 29, Chu-Hsing Street, Pate 
City, Taoyuan, Hsien, Taiwan, R.O.C.," which was your last known address to our 



i 



company, was shown in your personnel data kept by our company. In order to 
consummate the filing procedure of the US patent application for the Invention 
(USSNN 09/434,318), our company hereby sends you this letter enclosed with the 
following documents, hoping that you sign the following documents together with the 
Combined Declaration and Power of Attorney and the Assignment attached thereto 
and return the same to our company as soon as possible: 

1 . a copy of USSN 09/434,3 1 8 (Attachment 1 ); 

2. a copy of Combined Declaration and Power of Attorney form (Attachment 2); 
and 

3. a copy of Assignment form (Attachment 3). 

Our company hopes, that you sign the Combined Declaration and Power of Attorney 
and the Assignment Forms and mail the same back to our company by July 1 5, 2004. 
If those documents are not received by our company by the said time limit, our 
company will establish that you remain refusing to sign those documents and will 
report such situations to the Trademark and Patent Office of the United States so as to 
consummate the filing procedure of the US patent application for the Invention. 
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request the Commissioner of Patents to issue any and ail United States Lecters Patent for the aforesaid 
invention io the ASSIGNEE of the entire right, title and interest in and to the same, for the use of the 
ASSIGNEE, its successors and assigns. 

THE UNDERSIGNED hereby aaree that THE UNDERSIGNED, their executors and lecal reoresents- 
fives will make, execute and deliver (without charge but at the expense of the ASSIGNEE) any and all other 
instruments in writing including any and all further application papers, affidavits, assignments and other 
documents, and will communicate to said ASSIGNEE, as successors and representatives all facts known to 
)HE UNDERSIGNED relating to said invention, and the history thereof and will iestiry in all leoal proceed- 
ings and generally do all things which may be necessary or desirabfe to vest the ASSIGNEE, its successors 
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Flip-chip Ligrtf^mjjfcdng Device 
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Field of the Invention 

The present invention relates to a gallium nitride (GaN)-based light-emittin 
device and, particularly, to a GaN-based light-emitting device having an electrode 
with good reflectivity of light. 



Background of the Invention 

GaN-based light-emitting devices are getting more attention for the reason that 
they can emit special frequencies of light, such as blue light and green light. The 
material of substrate used for GaN-based light emitting devices is limited by the 
property of GaN and is mainly chosen from the following material: sapphire, 
silicon carbide (SiC), gallium nitride (GaN), gallium phosphide (GaP) and glass. 
Among the above material, sapphire substrate is widely used. Since sapphire 
substrate is an insulator, the two electrodes of the hght-ernitting device must be 
placed on the same side of the GaN layers. It is the characteristic of so-called 
lateral devices. USP 5,563,422, USP 5,578,839 and USP 5,583,879 have 
disclosed a series of methods for manufacturing GaN-based III-V Group 
compound semiconductor lateral light-emitting devices using sapphire substrate. 
The light-emitting device manufactured therefrom is shown in Fig. 1 , wherein an 
light-emitting diode (LED) die 10 is fixed to a lead frame 12 first, and the two 
electrodes 13 and 14 on the upper surface of the die 10 must be soldered with 
gold (or aluminium) wires 15 and 16 respectively so as to be connected to the 
two electrodes of the lead frame. However, the soldering pad 17 on the upper 
surface of the die 10 will block the light, and thus the light-emitting area is 
reduced and the light emitted is not uniform. In addition, in the prior light- 
emitting device, a light-transmitting electrode 13 is disclosed for providing the 
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effect of current spreading to enhance the4igy^emitting efficiency of the'device. 
However, since the electrode 13 must be very thin to become light-transmitting, 
its lateral resistance will be great and thus its effect of current spreading will be 
very limited. Besides, since the electrode 13 is placed over the main light- 
emitting surface, even the electrode 1 3 is light-transmissive, it still will reduce the 
light-emitting efficiency of the device. 

USP 4,476,620 discloses a flip-chip GaN-based light-emitting device as shown 
in Fig. 2, wherein the two electrodes 21 and 22 of an LED die are directly stuck 
on certain places of a lead frame 23. In such a flip-chip GaN-based light-emitting 
device, the emitted light can directly pass through the transparent substrate (such 
as a sapphire substrate) to the outside. There is no soldering pad in the main 
light-emitting surface of the flip-chip light-emitting device, and thus the light- 
emitting surface as well as the hght-emitting efficiency will not be affected by the 
soldering pad. However, only about half the light emitted from the prior flip-chip 
GaN-based light-ermtting device can directly pass through the transparent 
substrate to the outside. The other half of the light is directed to the electrodes 
(2 1 and 22) and the lead frame 23 . Therefore, the prior device cannot achieve an 
effective result. Furthermore, the prior flip-chip GaN-based light-emitting device 
disclosed in USP 4,476,620 does not provide the current spreading effect, and 
thus merely the place where the electrode is located can have an effective light- 
emitting result while the other place cannot achieve a good light-emitting result. 

In view of the above, how to substantially improve the light-emitting efficiency 
of a GaN-based light-emitting device is still a problem for the industry. 

Summary of the Invention 

The main object of the present mvention is to substantially improve the light- 
emitting efficiency of a GaN-based light-emitting device. The light-emitting 
device according to the present invention is a flip-chip light-emitting device. 
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Therefore, there is no solde^H^Sjj&d in its main light-emitting surface. 
Additionally, the light-emitting device according to the present invention has an 
electrode that has good reflectivity of light and can provide effective current 
spreading effect. Therefore, the light directed to the electrode can be reflected by 
the electrode to the outside through the transparent substrate, and thus 
substantially increase the light-emitting efficiency of the whole device. Further, 
the electrode can have sufficient size and thickness to provide effective current 
spreading effect, such that the light-emitting diode can achieve its best light- 
emitting result. 

A flip-chip light-emitting device according to a first embodiment of the present 
invention comprises a transparent substrate, a semiconductor stacked structure 
arranged over a main surface of the transparent substrate wherem the stacked 
structure comprises an n-type GaN-based III-V Group compound semiconductor 
layer adjacent to said main surface and a p-type GaN-based III-V Group 
compound semiconductor layer adjacent to the n-type semiconductor layer, a first 
electrode being in electrical contact with the n-type semiconductor layer, and a 
second electrode being in electrical contact with the p-type semiconductor layer, 
wherein the second electrode has good reflectivity of light and covers most of the 
outer surface of the p-type semiconductor layer. In an alternative embodiment of 
the present invention, the positions of the n-type and p-type semiconductor layers 
are switched, and the electrode being in contact with the n-type semiconductor 
layer has good reflectivity of light and covers most outer surface of the n-type 
semiconductor layer. 



Brief Description of the Drawing s 

The technical content and features of the present invention will be more readily 
apparent from the following detailed description of the preferred embodiments 
with reference to the accompanying drawings in which: 
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Fig. 1 is a cross-sectional view "illustrating a prior GaN-based light-emitting 
device; 

Fig. 2 is a cross-sectional view illustrating a prior flip-chip GaN-based light- 
emitting device; 

Fig. 3 is a schematic cross-sectional view illustrating a light-emitting diode 
according to an embodiment of the present invention; 

Fig. 4 is a schematic cross-sectional view of the hght-ermtting diode of Fig. 3 
mounted on a base in the form of flip-chip. 

Detailed Description of the Preferred Embodiments 

The main object of the present invention is to substantially improve the light- 
emitting efficiency of a GaN-based light-emitting device. The hght-emitting 
device according to the present invention has an electrode that has good 
reflectivity of light and can provide effective current spreading effect. Therefore, 
the light directed to the electrode can be reflected by the electrode to the outside, 
and thus substantially increase the light-emitting efficiency of the whole device. 
Further, the electrode can have sufficient size and thickness to provide effective 
current spreading effect, so that the light-emitting diode can achieve its best light- 
emitting result. 

Fig. 3 illustrates a light-emitting diode according to an embodiment of the 
present invention. The diode structure 30 comprises a transparent substrate 31 
which can be made of sapphire, glass, silicon carbide (SiC), gallium nitride 
(GaN), gallium phosphide (GaP) or other transparent materials. A semiconductor 
stacked structure is arranged over a main surface of the transparent substrate 3 1 . 
The stacked structure comprises an n-type GaN-based III-V Group compound 
semiconductor layer adjacent to said main surface and a p-type GaN-based III-V 
Group compound semiconductor layer adjacent to the n-type semiconductor layer. 
In this embodiment, the stacked structure also comprises an active layer 34 
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placed between the n-type GaN^traSed III-V Group compound semiconductor 
layer and the p-type GaN-based III-V Group compound semiconductor layer, 
while in other embodiments of the present invention, it is possible that the stacked 
structure does not include the active layer 34. The method for manufacturing the 
stacked structure is well known in the art, and thus it is unnecessary to detail it 
here. An electrode 35 is located in a window, that is formed by an etching 
process, and in electrical contact with the n-type semiconductor layer 32. An 
electrode 36 is arranged over most of the outer surface of the p-type 
semiconductor layer 33. Since there are no special limitations on the size and 
thickness of the electrode 36, the shape and size of the electrode 36 can be 
designed to achieve the best current spreading result, and thus substantially 
increase the light-emitting efficiency. In addition, the material of the electrode 36 
is chosen to be of high reflectivity of light. Therefore, the light directed to the 
electrode 36 can be reflected by the electrode 36 to the direction of the 
transparent substrate, and thus further increase the light-ermtting efficiency. 

In the present invention, the electrode 36 can be of a multi-layer structure 
comprising a light-transmitting conductive layer and a layer of alurninium (Al) or 
silver (Ag). In an embodiment of the present invention, the electrode 36 can be 
of a nickel/gold/titanium/aluminium (Ni/Au/Ti/Al) multi-layer structure, wherein 
nickel/gold (Ni/Au) is formed to be a light-transmitting metal layer directly 
covering the p-type semiconductor layer 33, and than a titanium (Ti) layer is 
formed on the Ni/Au layer, and finally an aluminium (Al) layer is formed on the 
Ti layer. The electrode 36 is required to be of both low ohmic contact resistance 
and high reflectivity of light. Ni/Au is one of the materials that can be formed as 
a good light-transmitting ohmic contact layer for a p-type GaN-based III-V Group 
compound semiconductor layer. Al layer can be of good reflectivity of light. 
However, in a high temperature, Al and Au will diffuse into each other and 
destroy the reflectivity of Al. Therefore a Ti layer is used to be a diffusion barrier 
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between AJ and Au. Ti layer itsetfislilso of good reflectivity of light. In other 
embodiments of the present invention, the electrode 36 can be of a multi-layer 
structure of ITO/A1 or ITO/Ag, wherein ITO (Indium-Tin Oxide) is formed as a 
light-transmitting conductive layer and the reflectivity is provided by the A] layer 
or Ag layer. 

In the embodiment shown in Fig. 3, an insulating layer 37 can be coated on the 
side surface and upper surface of the diode 30 while merely exposing a portion of 
each electrode that is used to contact the electrode of a base. The material of the 
insulating layer can be SiO x , SiN y , etc.. The insulating layer 37 is to protect and 
isolate the p/n junction, to avoid short circuit caused by conductive glue and to 
avoid leakage. 

Fig. 4 is a schematic view showing the light-eimtting diode of Fig. 3 mounted 
on a base in the form of flip-chip. The base 40 can be a known conductive lead 
frame, a glass lead frame, a circuit board or a thin-film circuit. Using a 
conductive lead frame or a glass lead frame as the base, the final device will be a 
discrete light-emitting device, while using a circuit board or a thin-film circuit as 
the base, the light-emitting device will be in the form of surface mounted device 
(SMD). The base 40 has conductive portions 41 and 42 that function as a 

* i 

positive electrode and a negative electrode, respectively. Conductive glue 43 is 
applied by a machine on the positive and negative electrodes of the base 40. 
Then, the light-emitting diode 30 is turned over to let the transparent substrate be 
the top layer and the electrodes 35 and 36 face down. After deterrriining the 
correct polarities of the electrodes 35 and 36, the electrodes 35 and 36 are 
connected to the conductive glue 43 so as to be fixed on the base and be coupled 
to the electrodes of the base. Finally, the conductive glue is baked in a suitable 
temperature during a predeteirnined time to complete the manufacture of the light- 
emitting device. 

In this embodiment, about half of the light emitted from the p-n junction or the 
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active layer of the light-emitting OBViee* will directly pass through the transparent 
substrate to the outside, while the other half of the light will direct to the 
electrode 36. Since the electrode 36 has high efficiency of reflectivity, it can 
reflect the light through the transparent substrate to the outside, and thus increase 
the hght-emitting efficiency. Further, the electrode 36 provides the current 
spreading effect to additionally increase the light-emitting efficiency of the light- 
emitting diode. 

f m omer embodiments of the present invention, the places of the n-type 
semiconductor layer and the p-type semiconductor layer can be exchanged. In 
such embodiments, the electrode over the n-type semiconductor layer will be of 
high reflectivity of light and provides current spreading effect. Said electrode can 
be of a multi-layer structure comprising a light-transmitting conductive layer and 
a layer of aluminium (Al) or silver (Ag). In embodiments of the present invention, 
said electrode can be of a multi-layer structure of Ti/Al, Ti/Ag, ITO/A1 or ITO/Ag. 

The technical features and technical contents of the present invention have 
been fully disclosed as above. However, various modifications or replacements 
can be made by people skilled in the art based on the disclosure and teaching of 
the present invention without departing the spirit of the present invention. 
Therefore, the scope of the present invention shall not be limited to the above 
disclosed embodiments and should include said modifications and replacements. 
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What is claimed is: 

1 . A flip-chip light- emitting device, comprising 
a transparent substrate; 

a semiconductor stacked structure arranged over a main surface of said 
transparent substrate wherein said stacked structure comprises an n-type 
GaN-based III-V Group compound semiconductor layer adjacent to said main • 
surface and a p-type GaN-based III-V Group compound semiconductor layer 
adjacent to said n-type semiconductor layer; 

a first electrode being in electrical contact with said n-type semiconductor 
layer; and 

a second electrode being in electrical contact with said p-type semiconductor 
layer; 

wherein said second electrode has good reflectivity of light and covers most 
of the outer surface of said p-type semiconductor layer. 

2. The device of Claim 1 wherein said stacked structure further comprises an 
active layer placed between said n-type semiconductor layer and said p-type 
semiconductor layer. 

3 . The device of Claims 1 or 2 further comprising an insulating layer at least 
coated on the side surface of the stacked structure, a portion of said first 
electrode and a portion of said second electrode. 

4. The device of Claims 1 or 2 further comprising a base which has a first and a 
second conductive portions respectively connected to said first and second 
electrodes. 

5. The device of Claim 4 wherein said base can be a conductive lead frame, a 
glass lead frame, a circuit board or a thin-film circuit. 

6. The device of Claims 1 or 2 wherein said second electrode is a multi-layer 
structure comprising a light-transmitting conductive layer and a layer of 
aluminium (Al) or silver (Ag). 
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7. The device of Claims 1 or 2 wherein said second electrode is a multi-layer 
structure of nickel/gold/titanium/alumiiiiuin (Ni/Au/Ti/AJ), Indium-Tin 
Oxide/aliimuiium (ITO/A1) or Indium-Tin Oxide/silver (ITO/Ag). 

8. A flip-chip light-emitting device, comprising 
a transparent substrate; 

a semiconductor stacked structure arranged over a mam surface of said 
transparent substrate wherein said stacked structure comprises an p-type 
GaN-based III-V Group compound semiconductor layer adjacent to said mam 
surface and a n-type GaN-based III-V Group compound semiconductor layer 
adjacent to said p-type semiconductor layer; 

a first electrode being in electrical contact with said n-type semiconductor 
layer; and 

a second electrode being in electrical contact with said p-type semiconductor 
layer; 

wherein said first electrode has good reflectivity of light and covers most of 
the outer surface of said n-type semiconductor layer. 

9. The device of Claim 8 wherein said stacked structure further comprises an 
active layer placed between said n-type semiconductor layer said the p-type 
semiconductor layer. 

10. The device of Claims 8 or 9 further comprising an insulating layer at least 
coated on the side surface of the stacked structure, a portion of said first 
electrode and a portion of said second electrode. 

1 1 . The device of Claims 8 or 9 further comprising a base which has a first and a 
second conductive portions respectively connected to said first and second 
electrodes. 

12. The device of Claim 11 wherein said base can be a conductive lead frame, a 
glass lead frame, a circuit board or a thin-film circuit. 

13. The device of Claims 8 or 9 wherein said second electrode is a multi-layer 
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structure comprising a light-tran^rnitting conductive layer and a layer of 
aluminium (Al) or silver (Ag) . 

14. The device of Claims 8 or 9 wherein said second electrode is a multi-layer 
structure of titamum/alurrunium (Ti/Al), titanium/silver (Ti/Ag), Indium-Tin 
Oxide/aluminium (ITO/A1) or Indium-Tin Oxide/silver (ITO/Ag). 
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Abstract 

The present invention discloses a flip-chip light-emitting device that has improved 
light-emitting efficiency. The device according to the present invention has an 
electrode with good reflectivity of light, such that the light directed to the base 
can be reflected by the electrode to the outside, and thus substantially increase 
the light-emitting efficiency. In addition, said electrode of the present invention 
also provide better current spreadmg effect, and thus further increase the light- 
emitting efficiency of the light-emitting diode. 
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FIG. 2 
(Prior Art) 





FIG. 4 





FIG. 5 





FIG. 5 



